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Introduction {#sec001}
============

Autoimmune type 1 diabetes (T1D) and autoimmune thyroid disease (AITD) are common organ-specific autoimmune endocrine diseases. Their pathogenesis involves the specific T lymphocyte-mediated autoimmune destruction in a specific target organ and the corresponding specific autoantibodies can be detected in the blood. T1D and AITD are important components of autoimmune polyglandular syndrome (APS). APS is an autoimmune disease involving dysfunction of more than one endocrine gland \[[@pone.0157510.ref001]\]. Autoimmune polyglandular syndrome type 3 variant (APS3v) is a subtype of APS characterized by the simultaneous or successive development of specifically AITD and T1D \[[@pone.0157510.ref002]\].

Celiac disease (CD) is defined as a chronic small intestinal immune-mediated enteropathy precipitated by exposure to dietary gluten in genetically predisposed individuals. Its classic presentation includes diarrhea, abdominal pain, and abdominal distension caused by chronic intestinal malabsorption, although some individuals may have extra-intestinal features as the primary presentation. Furthermore, patients identified through screening as having celiac disease may not have clinically apparent symptoms even though they may have or be at risk of celiac-related complications. The disease-specific transglutaminase autoantibodies (TGA) can be detected in the serum as an early marker of CD autoimmunity. The incidence of CD is very high at 1:100 to 1:300 in North America, Scandinavia, and Australia \[[@pone.0157510.ref003], [@pone.0157510.ref004]\]. The incidence of CD is even higher in patients with T1D, ranging from 5--10% in the Caucasian population \[[@pone.0157510.ref005], [@pone.0157510.ref006]\], and in patients with AITD, is 10 times greater than that in the general population \[[@pone.0157510.ref007]--[@pone.0157510.ref010]\]. The prevalence of CD in the Chinese population has never been studied, and has traditionally thought to be rare. However, a recent report \[[@pone.0157510.ref011]\] found that although the frequencies of HLA DQ2 and DQ8 haplotypes were lower than that in the United States, they were not insignificant (3.4% and 2.1% respectively), meaning that a subpopulation in China could be at higher risk of CD. In this report, we investigated the prevalence of TGA in a specific Chinese population that should be considered to be at a higher risk--those with T1D and/or AITD \[[@pone.0157510.ref012], [@pone.0157510.ref013]\] and evaluated the frequency of TGA positivity indicating CD autoimmunity.

Materials and Methods {#sec002}
=====================

Study subjects {#sec003}
--------------

In total, 178 patients with T1D with disease duration of less than 12 months were enrolled in this study. Diabetes was diagnosed in accordance with 1999 World Health Organization diagnostic criteria for diabetes at Jilin University Hospital in China from 2010 to 2013. The islet autoantibodies to glutamic acid decarboxylase-65(GAD65), insulinoma-associated protein-2(IA-2), and zinc transporter 8(ZnT8) were used to confirm the diagnosis of T1D. We also studied 119 patients with AITD with disease duration of less than 3 months. The diagnostic criterion for AITD was having positive thyroid autoantibodies including thyroid-stimulating hormone receptor autoantibodies (TRAb), thyroid peroxides autoantibodies (TPOAb), and/or thyroglobulin autoantibodies, with either abnormal or normal thyroid function, including chronic autoimmune thyroiditis or Hashimoto\'s thyroiditis, painless thyroiditis, atrophic thyroiditis or primary hypothyroidism and Graves\' disease. Of 297 patients in total, 36 with both T1D and AITD were classified as APS3v. In the study, we also included 145 patients with type 2 diabetes (T2D) with disease duration of less than 12 months, as well as 97 patients with non-autoimmune thyroid disease (NAITD) with disease duration of less than 3 months. Finally, 102 age-matched healthy subjects without a family history of diabetes or an autoimmune disease history were included as controls. Patients with heart, brain, liver, and kidney disease and other organic diseases were excluded. Informed consent was obtained from all participants studied. All procedures performed in the study were approved by the Institutional Ethics Committee of the Second Hospital of Jilin University in accordance with the 1964 Declaration of Helsinki declaration and its later amendments or comparable ethical standards.

Autoantibody assays {#sec004}
-------------------

Serum was collected from whole blood and frozen at -80°C for use in all assays. Detection of TPOAb was conducted using a specific commercial kit (Weifang 3V Biological Engineering Group Co., Ltd., Weifang, China) with positive cutoff value of 12 U/L and detection of TRAb was also performed with a specific commercial kit (Tianjin Xiehe Medical Technology Group Ltd., Tianjin, China) with positive cutoff value of 40 IU/ml. Detection of thyroglobulin antibodies was done using a specific commercial kit (Siemens Healthcare Diagnostics Inc., Massachusetts, USA) with positive cutoff value of 60 U/ml. These commercial kits are commonly used for clinical diagnosis in hospitals and clinics in China. The radioligand binding assays for measuring islet autoantibodies to zinc transporter 8 (ZnT8A), insulinoma-associated protein-2 (IA-2A), and glutamic acid decarboxylase (GADA), and transglutaminase autoantibodies (TGA) were adopted from Barbara Davis Center for Childhood Diabetes University of Colorado as previously described and reported as an index \[[@pone.0157510.ref012], [@pone.0157510.ref014], [@pone.0157510.ref015]\]. A ZnT8A index of ≥0.033, GADA index of ≥0.089, IA-2A index of ≥0.058, and TGA index of ≥0.025 were considered positive and the cutoff index of these autoantibodies were established as the 99th percentile of 102 control samples. The inter-assay coefficient variations were 8.1%, 8.6%, 5.5% and 9.8% for ZnT8A, IA-2A, GADA and TGA, respectively.

Statistical Analysis {#sec005}
--------------------

The data were analyzed using SPSS 21.0 software (IBM Corp., Armonk, NY, USA) and expressed as mean ± standard deviation or median (range). The rate and constituent ratio between groups were compared using the χ^2^ test or Fisher's exact test (when the theoretical frequency ranged from 1 to \<5, the continuity-corrected χ^2^ test was used; when the theoretical frequency was \<1 or the total case number was \<40, Fisher's exact test was used). Correlation analysis between groups was performed using Spearman's rank correlation coefficient. A *P* value of \<0.05 was considered statistically significant.

Results {#sec006}
=======

Amongst all individuals with T1D, 20.2% (36/178) had associated AITD, and amongst all individuals with AITD, 30.25% (36/119) had associated T1D. These individuals with both T1D and AITD were classified as APS3v. Basic characteristics of the study participants were shown in [Table 1](#pone.0157510.t001){ref-type="table"}. Among the patients with APS3v, 58% (21/36) of patients developed T1D before AITD and 30.6% (11/36) of patients were diagnosed with AITD before T1D. T1D and AITD were diagnosed simultaneously in four patients. The longest onset interval was 15 years ([Fig 1](#pone.0157510.g001){ref-type="fig"}).

![The interval from the onset of T1D to the onset of AITD or vise versus in APS3v patients.\
The open, closed, and shaded bars respectively represent the individual patients who developed AITD before, simultaneous or after T1D diagnosis.](pone.0157510.g001){#pone.0157510.g001}

10.1371/journal.pone.0157510.t001

###### Clinical data of subjects.

![](pone.0157510.t001){#pone.0157510.t001g}

                             T1D                                               T2D                                              AITD                                             NAITD                                             APS3v                                            Control
  -------------------------- ------------------------------------------------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------- ------------------------------------------------ ----------
  **Gender** (male/female)   66/76                                             84/61                                            13/70                                            21/76                                             12/24                                            44/58
  **Age** (year)             27.2±15.2                                         42.3±15.6[\*](#t001fn003){ref-type="table-fn"}   35.4±15.4[\*](#t001fn003){ref-type="table-fn"}   35.6±13.7[\*](#t001fn003){ref-type="table-fn"}    48.0±16.2[\*](#t001fn003){ref-type="table-fn"}   26.3±3.5
  **BMI** (kg/m^2^)          21.4±5.6[^\#^](#t001fn002){ref-type="table-fn"}   25.3±4.1[\*](#t001fn003){ref-type="table-fn"}    23.3±3.2[\*](#t001fn003){ref-type="table-fn"}    21.9±4.4[^\#^](#t001fn002){ref-type="table-fn"}   23.3±5.5[\*](#t001fn003){ref-type="table-fn"}    19.7±1.7
  **FBG** (mmol/l)           13.6±7.1[^\*^](#t001fn003){ref-type="table-fn"}   12.2±4.3[\*](#t001fn003){ref-type="table-fn"}    4.8±0.5                                          4.8±0.7                                           10.3±4.8[\*](#t001fn003){ref-type="table-fn"}    4.8±0.4

Compared with control group

^\#^ *P*\<0.01

^\*^ *P*\<0.001.

The levels of TGA in all patient groups and healthy controls were illustrated in [Fig 2](#pone.0157510.g002){ref-type="fig"}. With the cut-off set on 99^th^ percentile of 102 control samples, the prevalence of TGA in patients with T1D was 22% (39/178), significantly higher than the healthy control group (1/102; p\<0.0001). The prevalence of TGA in patients with AITD was also 22% (26/119), significantly higher than healthy controls (p\<0.0001). These two cohorts were compared to their non-autoimmune counterparts--those with T2D and NAITD. The prevalence of TGA in patients with T2D (5/145) or NAITD (3/97) were not different from the healthy control group while TGA positivity in patients with T1D or AITD was significantly higher than in patients with T2D (p\<0.0001) and in patients with NAITD patients (p\<0.0001), respectively. Interestingly, the prevalence of TGA in patients with APS3v having both T1D and AITD was up to 36% (13/36), significantly higher than that in patients with T1D alone (p = 0.040) or with AITD alone (p = 0.017) ([Fig 3](#pone.0157510.g003){ref-type="fig"}).

![TGA levels in patients with T1D, T2D, AITD, NAITD and Controls.\
Data are expressed as antibody index of individual subjects from T1D, T2D, AITD, NAITD and Controls. The dotted line represents the cutoff value of TGA.](pone.0157510.g002){#pone.0157510.g002}

![TGA positivity in patients with APS3v, T1D, T2D, AITD, NAITD and Controls.\
\**P*\<0.05; \*\*, *P*\<0.01.](pone.0157510.g003){#pone.0157510.g003}

The analysis of correlation between the levels of TGA and islet autoantibodies or thyroid autoantibodies was shown in the [Fig 4](#pone.0157510.g004){ref-type="fig"}. Interestingly, the TGA levels were shown to significantly correlate with the levels of IA-2A (R^2^ = 0.187, p\<0.05) and weakly correlate with ZnT8A levels, but not significantly (R^2^ = 0.107, p = 0.058). There are no level correlations of TGA with GADA or with any thyroid autoantibodies including TRAb and TPOAb. Also no correlations were seen in levels between islet autoantibodies and thyroid autoantibodies (data not shown).

![Correlation between TGA index and anti-islet autoantibody index among patients with APS3v.\
A-C represents correlation between TGA and IA-2A, GADA, ZnT8A, respectively; D-E shows the correlation between TGA and TPOAb, TRAb, respectively.](pone.0157510.g004){#pone.0157510.g004}

All patients in this study received a CD symptom questionnaire and we found a significant connection in patients with TGA positive to clinical symptoms of CD such as abdominal pain, diarrhea, nausea, vomiting, and weight loss. [Table 2](#pone.0157510.t002){ref-type="table"} showed the incidence of CD related clinical symptoms in patients with/ without TGA positivity. The prevalences of CD symptoms were significantly higher in patients with TGA positive compared to those with TGA negative, either in patients with autoimmune T1D and/or AITD (63.5%\[33/52\] versus 20.1% \[42/209\]; p\<0.001) or in patients with non-autoimmune T2D or NAITD (75%\[6/8\]versus 12.8%\[30/234\]; *p*\<0.001). However, among patients with/without TGA positive, the prevalence of CD symptoms in patients with autoimmune T1D or AITD showed no difference from those with non-autoimmune T2D or NAITD.

10.1371/journal.pone.0157510.t002

###### Incidence of CD symptom among patients with/without TGA positive.

![](pone.0157510.t002){#pone.0157510.t002g}

              Autoimmune diseases   Non-autoimmune diseases (N = 242)   *P* value
  ----------- --------------------- ----------------------------------- -----------
  TGA+        63.5%(33/52)          75.0%(6/8)                          0.881
  TGA-        20.1%(42/209)         12.8%(30/234)                       0.079
  *P* value   \<0.001               \<0.001                             

Discussion {#sec007}
==========

To our knowledge, screening and epidemiological studies of CD autoimmunity in China have not been performed, although it has been reported to occur in the population \[[@pone.0157510.ref011]\]. In this study, we have identified a high prevalence of TGA positivity in patients with T1D and/or AITD among Chinese population, 22% in patients with either T1D or AITD and 36% in those with both T1D and AITD.

TGA positivity was strongly associated with autoimmune T1D and AITD, but not with non-autoimmune T2D or NAITD. The TGA positivity in T2D and NAITD was near the background, similar to the healthy control group, suggesting that the CD autoimmunity is not associated with dysregulation of glucose metabolism in diabetes or dysfunctioning of thyroid gland with thyroid disease, but is associated with existing autoimmunity. It is clearly shown that different organ-specific autoimmune diseases are greatly overlapped. In the present study, over 20% of patients with T1D were found having AITD and over 30% of patients with AITD had T1D. The results demonstrate that the age of diagnosis of APS3v is much higher than the age of onset of T1D and AITD due to the onset interval of these two different diseases. The interval which can be defined as the duration of APS3v ranges from months to years according the onset of T1D and AITD. Horie et al. \[[@pone.0157510.ref016]\] reported that the longest onset interval was \>30 years in patients with concurrent Graves' disease and T1D.

CD and T1D share the high risk HLA Class II of DR3-DQ2 and DR4-DQ8, and non-HLA genetic susceptibility in Caucasian population and their clinical phenotypes overlap in up to 10% of the patients \[[@pone.0157510.ref012]\]. AITD in the Caucasian population also has DR3-DQ2 as its highest risk HLA haplotype \[[@pone.0157510.ref013]\].

This study is limited by the fact that the TGA-positive patients were not able to have a final diagnosis of CD by small intestinal endoscopy and biopsy even though symptoms were more common in those with TGA positivity as shown in [Table 2](#pone.0157510.t002){ref-type="table"}. In addition, TGA positivity does not necessarily indicate CD, but represent a significant step towards the CD autoimmune process that may lead to CD in this high-risk screened population. The small sample capacity might probably cause the notably elevated TGA positivity in patients with T1D and AITD. Further clinical follow-up data of TGA-positive patients will be important to confirm persistence of the autoantibodies and possible future development of CD. In addition, genotyping of patients in the Chinese population will also be helpful to identify both HLA and non-HLA genes contributing to the presence of organ-specific autoimmunity and shared between these three different organ-specific autoimmune diseases.

In conclusion, CD autoimmunity of TGA-positivity was found high in patients with autoimmune T1D and/or AITD among Chinese population and these different organ-specific autoimmunities were greatly overlapped each other. The regular screening in patients with one autoimmune disease for autoantibodies of other autoimmune diseases will be important for the clinical care of patients and may provide some insights into the pathogenesis of these complex diseases.
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